any authors have written about the merits of implantsupported complete overdentures, which have been used clinically with high success rates for the fully edentulous patients. The complete overdenture has proven to be an improvement over conventional complete prostheses with respect to chewing efficiency, patient comfort, and satisfaction. [1] [2] [3] [4] The context of increasing life spans and evidence from various national dental health surveys in industrialized countries indicate that the proportion of edentulous people will continue to decline and that more people will retain more teeth into old age. 5, 6 Projections based on data from such surveys 6, 7 suggest a decline in tooth loss but an increased need for management of partial edentulism in patients with compromised oral or general health status. This trend of age-related increased tooth retention suggests that partially edentulous cohorts will be older than before and probably less disposed than younger people to such treatment with extensive tooth or implant-supported fixed partial dentures. Consequently, socioeconomic factors and population trends suggest increased future treatment needs with different partial prostheses. 8 A well-constructed removable partial denture can be an excellent treatment alternative. 9 -12 Yet, these patients deserve the best esthetic and functional results possible. In these cases, a limited number of strategically placed dental implants in conjunction with the remaining natural teeth can establish a favorable removable partial denture design by significantly reducing the effect of the reciprocal arm and improving the fulcrum line position. When an implant or a limited number of implants is used to support the removable partial denture, additional retention is achieved, and the need for unesthetic buccal retentive arm clasps is avoided at the esthetic zone. [13] [14] [15] The aim of this article is to review the literature regarding the use of implants with removable partial dentures in partially edentulous patients and to evaluate the evidence-based indications for this clinical approach.
LITERATURE REVIEW
A MEDLINE/PubMed database search was limited to peer-reviewed articles published in English between 1990 and 2006, focusing on the use of implants with removable partial dentures and related features such as residual ridge resorption, need and demand for prosthodontic treatment, and cost-effectiveness of dental treatment, all related to implants and removable partial prostheses. The digital search was supplemented with a hand search to identify relevant peer-reviewed English articles published in dental journals and textbooks on removable partial dentures. Few case reports, 1 short-term retrospective follow-up (1Ϫ4 years), and 1 longitudinal clinical study (2Ϫ7 years) were identified.
CONSIDERATIONS FOR THE KENNEDY CLASS I AND II SITUATIONS
Common complaints associated with the Kennedy class I (bilateral free end) and II (unilateral free end) removable partial dentures situations are lack of stability, minimal retention, unesthetic retentive clasping, and discomfort upon loading. 16 Kelly 17 in 1972 described the combination syndrome as a common problem associated with the mandibular bilateral partial denture distal extension opposing a maxillary complete denture, which is characterized by downgrowth of the maxillary tuberosities, papillary hyperplasia, resorption of the premaxilla, overeruption of the mandibular anterior teeth, and resorption of the posterior mandible. 18 These signs may be found in 24% of the population wearing a maxillary complete denture opposing a bilateral distal extension partial denture. 19 Kelly 17 discussed various possibilities to avoid combination syndrome. He proposed using roots of anterior mandibular teeth to support an overdenture. He also mentioned the option of using endodontic implants to preserve questionable roots for support in the posterior part of the mandible. Controversy exists regarding the potential development of combination syndrome also in those patients using an implantsupported overdenture with 2 anterior implants, since this type of restoration can act as a bilateral distal extension situation. 20 -22 A posterior implant stop would most likely eliminate the potential for this to happen. An obvious advantage of an implant with a removable partial denture in this case is that the extension of the bases can be reduced, since the implant provides the same stability as a terminal abutment would in a Kennedy class III situation. The altered cast impression, a standard technique for maximizing posterior support in the class I situation, can be omitted as well. 23 One of the most challenging situations to treat with a removable partial denture is in certain cases classified as Kennedy class II, when there are abutments only on 1 side of the arch. The long lever arm to the unilateral edentulous side results in an unstable removable prosthesis, if treated conventionally. A strategically placed dental implant can establish an improved removable partial denture design by significantly reducing the effort arm and improving the fulcrum line position.
Tissue-ward rotation during function, around the fulcrum line created between the abutment teeth closest to the edentulous area, is prevented. 13 Keltjens et al 24 in 1993 and Halterman et al 25 in 1999 described a number of clinical cases where 2 implants were used to assist in the support of a mandibular bilateral distal extension removable partial denture opposed by a maxillary complete denture. Each implant was placed in the first molar area, and on 1 occasion, only vertical support was derived from the implants with no retentive elements, while on another occasion, additional retention was provided by magnets, which were attached in the distal extension denture base over the implants. From a shortterm experience, using implants, the authors claim was to maintain the integrity of the vertical dimension of occlusion and prevent degenerative changes that could have led to what Kelly 17 described as the combination syndrome. Giffin 26 in 1996 reported a case where a Kennedy class II mandibular arch was restored using a combination of a single molar implant at the edentulous alveolar crest with an extracoronal resilient attachment to support and retain a removable partial denture. The patient claimed that the implant-supported side of the prosthesis felt more natural and was preferred for mastication over the toothsupported side.
Mitrani et al 23 in 2003 described a retrospective study with a follow-up of at least 1 year to a maximum 4 years of 10 partially edentulous patients unsatisfied with their removable partial dentures (Kennedy class I and II). They were treated with posterior osseointegrated implants to provide stability and/or retention of the removable prostheses, eliminating the need for clasps when possible. The authors performed a follow-up clinical evaluation consisting of patient satisfaction, radiographic examination, and soft tissue health. Results indicated consistent increased satisfaction in all patients, minimal component wear, no radiographic evidence of excessive bone loss, and stable peri-implant soft tissues. Kuzmanovic et al 27 in 2004 described a case where a Kennedy class I mandibular arch was restored using a combination of bilateral single molar implants with ball attachments to support and retain a chromiumcobalt removable partial denture. The authors reported no complications after 2 years.
RESIDUAL RIDGE RESORPTION RELATED TO IMPLANTS AND REMOVABLE PROSTHESES-GENERAL ASPECTS
There are clear indications and little doubt that removable dentures are an important causative factor in the bone resorption process. This is supported by studies showing significant differences in residual alveolar bone between edentulous subjects wearing, or not wearing, removable dentures. 28, 29 Subjects not wearing dentures had more remaining bone. In groups of patients who had been wearing complete mandibular dentures for different lengths of time, the continuous bone resorption stopped in the areas distal to the mental foramina after the patients had been provided with implant-supported prostheses placed anterior to the foramina. 30 Animal studies have shown that continuous pressure from an experimental denture caused bone resorption when exceeding a threshold value and that the resorbed bone was not reshaped when pressure was discontinued. [31] [32] [33] Kordatzis et al 34 in 2003 compared the posterior mandibular residual ridge resorption in patients with conventional dentures and implant overdentures. The results were that the estimated average reduction in posterior mandibular residual ridge height was 1.63 mm in 5 years for conventional denture groups and 0.69 mm for implant overdenture groups (i.e., almost 1 mm less). The authors concluded that depending on biomechanical factors, bone areas adjacent to the implants might be more favored. One should expect that reduced resorption rates with implant-supported overdentures could be attributed to the less unfavorable loading of bone adjacent to the implants and the protection of the residual posterior ridge from excessive loading, which is inversely proportional to the distance from the implant. The current author et al 13 in 2005 reported that a limited number of strategically placed dental implants in conjunction with the remaining natural teeth can establish a favorable removable partial denture design by significantly reducing the reciprocal arm and improving the fulcrum line position. This prevents rotation toward the tissue during function, and repeated relining of the denture to restore posterior support is prevented. In these large edentulous areas, bone is preserved as a result of the remodeling stimulus around osseointegrated implants.
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IMPLANT-SUPPORTED FIXED PARTIAL DENTURES AS ABUTMENTS FOR REMOVABLE PARTIAL DENTURES
Jang et al 39 in 1998 described a clinical case report to investigate how a single implant-supported porcelainfused-to-metal crown in the mandibular right cuspid area can function as an abutment to support a removable partial denture in conjunction with the remaining mandibular teeth: right first incisive to left canine. From a shortterm experience, the authors report no bone loss around the implant, or crown or abutment loosening.
LONG-TERM STUDIES ON IMPLANTS WITH REMOVABLE PARTIAL DENTURES
The current author et al 13 in 2005 published the first longitudinal study in English that was aimed to determine whether the use of a limited number of implants, with no rigid connection between implants and teeth and as few as possible prosthetic element requirement, is a viable solution for improving unfavorable removable partial dentures design and esthetics. Fifteen partially edentulous patients with an unfavorable number and distribution of abutment teeth were treated, each with a limited number of implants (total of 33 implants), from 1997 to 2004, resulting in an improved removable partial denture design.
Throughout the study follow-up (2Ϫ7 years), the implant survival rate was 100%, and prosthetic complications were minor. All patients reported superior satisfaction with the partial dentures and good chewing efficiency. The results indicate that this clinical approach is a viable and cost-effective treatment option. Van Zeghbroeck (personal communication) in 2000 reported a 5-year follow-up of 21 cases treated with implant ooth-supported removable partial dentures. The survival of implants, teeth, and functioning prosthesis was 100%. No decay or mobility was found, and the survival rate of the prosthetic components was 74%.
SALVAGING FAILED FIXED IMPLANT THERAPY
McAndrew 40 in 2002 reported a case where 4 implants were placed in the maxilla of a partially edentulous patient with a treatment plan of an implant-supported fixed partial denture. Three of the implants failed to osseointegrate and were removed. A swing-lock removable partial denture was fabricated, and an O-ring attachment was used on the implant to provide additional retention for the prostheses. The author reported that 15 months later, the prostheses was entirely satisfactory to the patient, and the remaining teeth and implant were in sound condition. The current author and Karas 41 in 2004 described the prosthodontic rehabilitation of a partially edentulous patient using a removable partial denture involving teeth and implants as an alternative to unsuccessful fixed implant therapy. Since the patient declined any additional dental implant therapy, this treatment option solved a difficult clinical problem derived from the failure of 2 strategic implants, and provided the patient with an esthetic and functional prosthesis.
Asvanund and Morgano 42 in 2004 described a treatment approach for a partially edentulous patient where a fixed metal-ceramic restoration was not practical due to unfavorably positioned implants and deficient contour of the alveolar ridge at the anterior maxillary zone. The definitive treatment plan included an implant-supported milled-bar partial overdenture. Jivraj and Chee 43 in 2005 described a clinical case that presented with multiple episodes of screw loosening of an implant-supported restoration replacing the maxillary left incisor, secondary to developing reduced posterior support that could not be reestablished with fixed implant-supported restorations due to the patient's financial constrains. The patient had already adjusted to a maxillary removable partial denture. A healing abutment was placed on the implant to permit a positive metal-to-metal contact with the internal surface of the framework providing support to the prostheses. The authors' opinion was that this method was the least invasive and most economical approach for this patient to address the issue of repeated screw loosening. Uludag and Celik 44 in 2006 described a case with poorly positioned dental implants. The patient declined a second reparative surgery and the associated cost. For this situation, considering the interarch space and maxillomandibular relationship, a removable partial denture appeared to be more appropriate. The use of angulated abutments enabled restoration of misaligned implants with a maxillary removable partial denture supported by 3 implants.
CONNECTING TEETH AND IMPLANTS TO SUPPORT IMPLANTS WITH REMOVABLE PARTIAL DENTURES
Jackson 45 in 1990 reported a case where the patient had 1 remaining tooth, the lower right first premolar, and 2 implants were placed in the mandibular cuspid sites. An 8-unit porcelain-fused-to-metal bridge was designed to telescope over cement-in implant heads and the natural abutment. Magnetic keepers were cantilevered, extracoronally, off the distal abutments, and a removable partial denture with a hollow receptacle was then fabricated.
Ganz 46 in 1991 placed 2 implants on the patient's maxillary right area and splinted them to the remaining 3 teeth (left lateral incisive to first premolar) with a bar attachment. This served as a substructure to retain a removable partial denture that, in the author's opinion, would fulfill the functional and esthetic requirements of the patient without jeopardizing the prognosis of the remaining 3 natural teeth. Amet 47 in 1993 reported a case where a patient had in the mandibular arch only the cuspids and first bicuspids retained, with 3 implants placed in the symphysis region. Cast posts were prepared for the 4 remaining teeth, and an implant-connecting bar united all the implants and teeth, using O-ring retention to retain a complete denture.
In these case reports, the disadvantages were the complexity of the design and added features that increased the treatment time and cost. The design involved a rigid prosthetic connection of natural teeth and dental IMPLANT DENTISTRY / VOLUME 16, NUMBER 2 2007 3 AQ: 1 implants. There is a differential resiliency between an implant and natural tooth because of the osseointegration of the implants and lack of periimplant soft tissue attachment such as the periodontal membrane in natural teeth. Considering the differential resiliency, since implants and teeth were rigidly connected by the substructure, the load to the prostheses will be borne mainly by the implants in normal function, risking the intrusion of natural teeth as described in different reports.
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ESTHETIC AND FUNCTIONAL CONSIDERATIONS WITH IMPLANTS WITH REMOVABLE PARTIAL DENTURES
Budtz-Jorgensen et al 14 in 2000 stated that the rationale for this treatment is to place a limited number of implants capable of sustaining an entirely implant and tooth-supported removable partial denture without visible retentive elements. The authors' opinion is that the treatment with tooth and implant-supported removable partial dentures might have particular relevance in instances where the interarch space is too limited for aesthetically and technically acceptable metal-ceramic fixed partial dentures. de Carvalho et al 15 in 2001 described a maxillary partially edentulous case where an implantretained removable partial denture without retentive clasps was used. This approach required: (1) fewer patient visits and laboratory procedures, (2) the use of a minimal number of implants, (3) lower financial obligations, and (4) no sinus elevation surgery. The authors concluded that the detachable partial prosthesis over implants allows easier oral hygiene by the patient, and provides superior esthetics and phonetics in cases involving advanced ridge resorption. Chee 52 in 2005 presented a case of a partially edentulous patient with a history of trauma to the maxilla, with a consecutive avulsion of 4 maxillary teeth, with a significant ridge loss. The patient presented with a removable partial denture and was satisfied with the esthetics of the restoration, but not with its stability. He elected to have an implant-supported partial overdenture to restore the missing teeth and tissue instead of undergoing multiple surgeries to restore the missing alveolar ridge tissue. The arch form and dentition was restored with the partial overdenture, and the patient was satisfied with the stability and esthetics of the restoration. The authors' opinion was that the added advantage of this implant-supported overdenture was to obtain support from the implants and have minimal tooth and tissue coverage.
NEED AND DEMAND FOR PROSTHODONTIC TREATMENT
The concepts of need and demand are central in studies on dentistry. Need has been defined as "the quantity of dental health care which expert opinion judges ought to be consumed over a relevant time period, in order to remain or become as dentally healthy as is permitted by existing knowledge." 53 However, such a definition gives little attention to the individual's personal comfort and quality of life. Need, however defined, does not always lead to demand for treatment, 54 depending on factors such as individual preferences, cost, cultural differences, psychosocial considerations, comfort, age, and accessibility of services. In most industrialized countries, the demand for prosthodontic treatment is influenced more by esthetic demands rather than by a few missing teeth in the posterior regions. 55, 56 Therefore, so-called sociodental factors, social and cultural background, socioeconomic aspects, oral comfort, and appearance should be included and evaluated when dealing with need and demand for prosthodontic treatment. The professional attitude toward need must be that there is no true objective or subjective need. Need is established only in communication with mutual respect between the professional and the patient. 57 This point has to be taken into consideration when evaluating the treatment approach of implants with removable partial dentures compared to other more expensive and complex treatment options, since it can satisfy in many cases the patient's needs and treatment outcome expectations.
ECONOMIC EVALUATION OF IMPLANTS WITH REMOVABLE PARTIAL DENTURES: COST-EFFECTIVENESS
Because of the elective character of implant therapy, it is necessary to inform the patient thoroughly so that he or she is able to participate in the decision about adequate treatment. Thus, implant treatment options and alternative therapies should be discussed, advantages and disadvantages explained, and benefits expected from the different treatment options clarified. As the patients have to pay for the treatment, their financial means must also be considered, and the decisive factor may be the relationship between costs and benefits. 58 To describe this relation and facilitate a comparison of different treatment modalities, a complete economic evaluation, such as the cost-effectiveness analysis, is required. 59, 60 In implant therapy, treatment costs gradually increase with the number of implants placed and depend on the materials used. 61, 62 It is important that patients receive value for their proposed treatment. Think of value in the form of the following equation 63 :
Value ϭ Results ϩ Process Quality Cost of Care to Patient
Value will be created in the eyes of the patient only if the patient's satisfaction with treatment outcomes and the way care is delivered are greater than the cost he or she will incur to receive that care. A greater number of patients turn down treatment because they do not understand the value it represents. 64 Unless the patient has some means for a more limited treatment option, the financial barrier can be an absolute impediment to case acceptance. The current author et al 13 in 2005 reported that the analysis of the costs of implants with removable partial dentures compared with implantsupported fixed partial dentures showed that patients save more than 50% on treatment costs when implants with removable partial dentures are used. The longer the multiunit implantsupported fixed partial denture required, the more money saved with the proposed implants with the removable par-
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IMPLANTS IN CONJUNCTION WITH REMOVABLE PARTIAL DENTURES tial denture approach. Costs become even more relevant when bone augmentation procedures are required in conjunction with implant placement.
PROSTHODONTICS FOR THE MANY, NOT JUST FOR THE FEW
Evidence of oral health quality improvement is more obvious, particularly since the advent of osseointegration. However, partial and complete edentulism is still experienced by millions of people even in some of the most advanced economies in the world. The emerging popularity of the 2-implantsupported overdenture appears to be an important initiative, but it may remain restricted to the very few high-per-capitaincome countries. Prosthodontics offers an extraordinary range of treatment possibilities for oral rehabilitation. However, its reliance on the high technology limits it to relatively few people. To provide treatment for the many, costeffective conventional treatment is required but with adequate quality control. Owen 65 introduced the philosophy of "appropriatech": using appropriate technology (both methods and materials) to provide cost-effective treatment without sacrificing biofunctional and prosthodontic principles. In his opinion, it ought to be possible to set out, for each procedure, a minimum acceptable protocol that will conform to generally accepted prosthodontic principles, and will assist patients in regaining chewing function and esthetic rehabilitation, and thereby significantly improve their quality of life. Minimum acceptable protocols could also be reconciled with evidence-based clinical practice guidelines that could be adapted for socioeconomic circumstances.
The clinical modality of implants with removable partial dentures could easily adapt to the "appropriatech" philosophy by providing a costeffective treatment without sacrificing biofunctional and prosthodontic principles, and in this way, an improved restoration is becoming available for the many and not just for the few.
DISCUSSION
Dental treatment of partially edentulous patients is becoming more important because people are saving more teeth, and the fully edentulous population diminishes. [5] [6] [7] [8] Almost all partially edentulous patients desire the benefits of implant restorations; but, unfortunately, many of them cannot or will not meet the criteria to have fixed implantsupported restorations because of anatomical, medical, financial, or personal reasons. In situations when financial, systemic, or local conditions preclude the use of a fixed partial denture, a well-constructed removable partial denture can be a valid treatment alternative. 9 -12 However, a significant proportion of prescribed removable partial dentures are not used. 8 In this context, it must be clearly recognized that practical problems with removable partial dentures (lack of stability and retention, unesthetic retentive clasping, and discomfort upon loading) are common and may be the reason why so many patients stop wearing their removable partial dentures. Yet, these patients deserve the best esthetic and functional results possible. In these cases, a limited number of strategically placed dental implants in conjunction with the remaining natural teeth can establish a favorable removable partial denture design by significantly reducing the effect of a reciprocal arm and improving the fulcrum line position. When an implant or a limited number of implants are used to support the removable partial denture, additional retention is achieved, and the need for unesthetic buccal retentive arm clasps is avoided at the esthetic zone. 13, 16 Other advantages of implants with removable partial dentures are that the existing natural dentition is retained, extensive surgery is avoided, hard and soft tissues are easily "replaced" by the denture's flanges, the extent and length of the treatment are reduced, hygiene access is facilitated, failed implantsupported fixed partial dentures cases are salvaged, flexibility is achieved in long-term care and future changes in the remaining dentition are easily restored, patient's satisfaction increases, and the patient's financial limitations are addressed. 13-16,23-27,39 -47,52 These factors will often favor the use of implants with removable partial dentures and should be considered when contemplating restorative treatment options.
CONCLUSIONS
A MEDLINE/PubMed database search was limited to peer-reviewed articles published in English between 1990 and 2006, focusing on the use of dental implants with natural teeth in removable partial denture design. Few case reports, 1 short-term follow-up (1Ϫ4 years), and 1 longitudinal clinical study (2Ϫ7 years) were identified. On the basis of this review of the literature, it may be concluded that the use of a limited number of implants to improve unfavorable removable partial denture design and esthetics is a viable solution for partially edentulous patients. Further research with controlled prospective clinical trials is needed.
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